Objective: There is no consensus on the optimal management of recent-onset episodes of atrial fibrillation or flutter. The approach to these conditions is particularly relevant in the current era of emergency department (ED) overcrowding. We sought to examine the effectiveness and safety of the Ottawa Aggressive Protocol to perform rapid cardioversion and discharge patients with these arrhythmias. Methods: This cohort study enrolled consecutive patient visits to an adult university hospital ED for recent-onset atrial fibrillation or flutter managed with the Ottawa Aggressive Protocol. The protocol includes intravenous chemical cardioversion, electrical cardioversion if necessary and discharge home from the ED. Results: A total of 660 patient visits were included, 95.2% involving atrial fibrillation and 4.9% involving atrial flutter. The mean age of patients enrolled was 64.5 years. In total, 96.8% were discharged home and, of those, 93.3% were in sinus rhythm. All patients were initially administered intravenous procainamide, with a 58.3% conversion rate. A total of 243 patients underwent subsequent electrical cardioversion with a 91.7% success rate. Adverse events occurred in 7.6% of cases: hypotension 6.7%, bradycardia 0.3% and 7-day relapse 8.6%. There were no cases of torsades de pointes, stroke or death. The median lengths of stay in the ED were as follows: 4.9 hours overall, 3.9 hours for those undergoing conversion with procainamide and 6.5 hours for those requiring electrical conversion. Conclusion: This is the largest study to date to evaluate the Ottawa Aggressive Protocol, a unique approach to cardioversion for ED patients with recent-onset episodes of atrial fibrillation and flutter. Our data demonstrate that the Ottawa Aggressive Protocol is effective, safe and rapid, and has the potential to significantly reduce hospital admissions and expedite ED care. 
INTRODUCTION
Emergency physicians often care for patients with either recent-onset or chronic (permanent) atrial fibrillation. Typically in permanent atrial fibrillation, previous cardioversion attempts have failed or clinical judgment has led to a decision not to attempt cardioversion, and the focus of emergency department (ED) care is rate control and treatment of underlying conditions. 1 Recent-onset atrial fibrillation, made up of both first detected and recurrent episodes, is one of the most common arrhythmias seen in the ED and the management of such cases is more complex and controversial. 2, 3 Atrial flutter is much less common than atrial fibrillation and often requires urgent electrical cardioversion.
There is no universally accepted approach for the ED management of recent-onset atrial fibrillation or flutter. [4] [5] [6] [7] Considerable controversy exists surrounding 2 competing strategies, one conservative and the other aggressive. Conservative treatment consists of rate control, anticoagulation with warfarin and possible delayed cardioversion. With aggressive treatment, efforts are made to cardiovert appropriate patients to sinus rhythm in the ED, either pharmacologically or electrically. [8] [9] [10] Overcrowding in the ED is another complex issue that has emerged as a health care crisis over the past decade in most large, urban and academic North American EDs. [11] [12] [13] The cause of overcrowding is multifactorial, but prolonged ED lengths of stay and lack of hospital beds are important factors.
14-17 A recent study described admission to hospital as routine care in the United States for recent-onset atrial fibrillation and reported a mean length of stay longer than 48 hours and that 73% of patients underwent conversion to normal sinus rhythm before discharge. 18 This study evaluated a more rapid ED observation unit strategy and found that it was associated with an ED mean length of stay of 12 hours and a conversion rate of 85%. At our institution, the Ottawa Hospital, emergency physicians have long followed a practice of acute rhythm control and rapid discharge home for recent-onset atrial fibrillation and flutter. 3 To our knowledge, no other centre has described the approach that we have termed the "Ottawa Aggressive Protocol." This approach involves sequential pharmacologic and, when indicated, electrical cardioversion by the emergency physician with a goal of avoiding prolonged ED length of stay, hospital admission or repeat visits. The objective of this study was to examine the efficacy and safety of the Ottawa Aggressive Protocol for patients with recent-onset episodes of atrial fibrillation and flutter. Specifically, we wished to evaluate the outcomes of this strategy with regard to conversion to normal sinus rhythm, adverse events, hospital admission, ED length of stay and relapse.
METHODS

Study design
This medical record review included eligible cases seen at the Ottawa Hospital Civic Campus ED from Jan. 1, 2000, to Jun. 30, 2005, inclusive.
Setting
The Ottawa Hospital is an adult, tertiary care institution affiliated with the University of Ottawa, and the Civic Campus has an annual ED census of 60 000 visits.
Population
We enrolled a consecutive cohort of ED patient visits with a primary diagnosis of a recent-onset episode of atrial fibrillation or atrial flutter and where an aggressive attempt at cardioversion was used. Some patients presented more than once, and all such visits that were more than 7 days apart were included as discrete encounters. We excluded patients with permanent atrial fibrillation (chronic, persistent or longstanding), patients with symptoms for greater than 48 hours or for an unknown duration (unless they were therapeutically anticoagulated with warfarin) 5 and patients with another primary diagnosis necessitating admission (e.g., cardiac ischemia or congestive heart failure). We did not exclude patients whose treatment for atrial fibrillation in the ED re sulted in a complication necessitating admission. The Ottawa Hospital Research Ethics Board approved the protocol without the need for informed consent.
Clinical protocol
The treatment of all included patients was managed by emergency physicians using the Ottawa Aggressive Protocol (Box 1), which is considered "routine care" for patients with recent-onset atrial fibrillation at our institution. This protocol involves a number of steps, which are elaborated on below. 1. Assessment: Assessment focuses on the stability of the patient, previous episodes and duration since onset. The decision of whether cardioversion is appropriate is made by the emergency physician involved and is usually based on the clarity of the history of arrhythmia onset. There is no upper age limit for the application of aggressive rhythm control. Every effort is made to ensure that the time from symptom onset is less than 48 hours and if this cannot be verified then rhythm control is not pursued unless the patient is on warfarin and has had a therapeutic international normalized ratio (INR) level for at least 3 weeks. If the time from symptom onset is longer than 48 hours or of uncertain duration, then transesophageal echocardiography can be pursued to determine the safety of cardioversion. 19 Patients are not routinely screened for elevation of troponin unless there is chest pain or ST and T wave changes. 2. Rate control: Rate control is often omitted as there is no compelling evidence that its use facilitates cardioversion. Physicians who choose to control heart rate before attempting cardioversion typically use intravenous diltiazem or metoprolol. 3. Pharmacologic cardioversion: Typically, emergency physicians at our institution attempt pharmacologic cardioversion before electrical cardioversion. Intravenous procainamide is the drug of choice in Ottawa for rhythm control, and we have previously described its use in detail. 20 Pharmacologic cardioversion is generally not attempted if the patient is deemed to be unstable (cardiac ischemia, severe congestive heart failure or hypotension) or if records indicate resistance to this approach on previous visits. The standard protocol is 1 g of procainamide in (Table 1) . 5, 19, 21, 22 The role of heparin is unclear and is rarely used for any patients at our institution. 6. Disposition: Patients who undergo successful cardioversion are typically discharged home within an hour without medication (that is, no new oral anticoagulants, rate control agents or rhythm control agents are prescribed or given). For first-time episodes, outpatient echocardiography and cardiology follow-up is usually recommended. Monitoring of the INR and appropriate physician follow-up is arranged for the few patients started on warfarin. 7. Patients not treated with cardioversion: Patients who are not treated with cardioversion in the ED have their rate controlled and are then discharged on oral anticoagulants and rate control medication. Monitoring of the INR and physician follow-up is also arranged for this group. Heparin is rarely given to these patients in our ED.
Data collection
Patients were identified from the Ottawa Hospital health records database, which uses the Canadian National Ambulatory Care Reporting System (NACRS). Identification was based on the main diagnosis of atrial fibrillation or atrial flutter, combined with a procedure code of antiarrhythmic intravenous therapy or electrical cardioversion. Two research nurses were trained on the details of patient selection and data abstraction and were unaware of the study objectives. Before abstraction of patient information, the study variables were explicitly defined and a standardized data collection form was created. The 30 variables collected included demographic characteristics, clinical descriptors, medical interventions, adverse events and return visits to the ED. The first nurse reviewed the original patient charts of all cases to determine patient eligibility and then abstracted study data. A second study nurse independently reviewed all cases for completeness and accuracy of data abstraction and, in addition, the principal investigator reviewed selected cases. Differences were resolved by consensus.
Outcome measures
The primary outcomes were proportion of conversion to sinus rhythm before discharge from the ED, length of stay in the ED, final disposition and adverse events. Adverse events within the ED included hypotension or arrhythmia. We also reviewed records for evidence of death, stroke and relapse to atrial fibrillation within 7 days of the index ED visit. Adverse events and other outcomes were ascertained from review of the ED record (physician and nursing progress notes, electrocardiograms, consultations), hospital computerized records and quality assurance reviews. If not noted in the record, we assumed adverse events did not occur. The Ottawa Hospital sees two-thirds of all adult ED visits and is the sole regional cardiology referral centre.
Data analysis
We calculated descriptive statistics using proportions, means or medians with interquartile ranges as appropriate for the data. We used SAS software, Version 9.1, TS level 1M3 (SAS Institute Inc.) for data entry and the Stiell et al. 
RESULTS
From January 2000 to June 2005, there were 1057 ED patient visits with a primary diagnosis of recent-onset atrial fibrillation or flutter, and among these there were 660 patient visits in which the Ottawa Aggressive Protocol was applied (Fig. 1) . Among the 397 visits without aggressive treatment, by far the most common reasons for not attempting cardioversion was that the timing of arrhythmia onset was unclear or greater than 48 hours, or that spontaneous conversion occurred before treatment. The 660 visits for which aggressive treatment was applied involved 341 individual patients. Of these, 107 patients presented more than once during the 5 1/2-year study period. Table 2 provides baseline patient characteristics for all visits, those with atrial fibrillation (95.2%) and those with atrial flutter (4.8%).
The overall mean patient age was 64.5 (range 19-92) years, 55.6% were men, the mean duration of arrhythmia before presentation was 8.9 hours and 82.1% had at least 1 previous episode of recent-onset atrial fibrillation. Of note, 12.7% and 5.0% of patients had been taking sotalol and amiodarone, respectively, before the visit. Emergency department treatment measures and their outcomes are shown in Table 3 . As indicated, 39.6% of cases received rate control drugs, 100% received intravenous procainamide and 36.8% subsequently underwent electrical cardioversion. Comparing all cases, those with atrial fibrillation, and those with atrial flutter, the conversion rates were 58.3%, 59.9% and 28.1%, respectively, for procainamide and were 91.8%, 91.0% and 100% for electrical shock. Among these same 3 groups 96.8%, 97.0% and 93.8% were discharged home from the ED, and 90.2%, 90.3% and 87.5% were discharged home with normal sinus rhythm, respectively. Table 4 shows the adverse outcomes of patients and indicates that ED events occurred in 7.6% of patients, most commonly transient hypotension. Arrhythmias were very uncommon and there were no episodes of torsades de pointes. Overall, 3.2% of patients required admission. No patients had a stroke or died, and 8.6% of patients had a relapse of atrial fibrillation within 7 days requiring further management. No patients suffered adverse events attributable to procedural sedation and analgesia administered for electrical cardioversion.
Treatment time intervals are presented in Table 5 , which illustrates the rapidity of care for these patients.
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Aggressive protocol for atrial fibrillation Comparing all cases, those with atrial fibrillation and those with atrial flutter, the median lengths of stay from ED arrival to discharge were 4.9, 4.8 and 6.3 hours, respectively. These time intervals were shorter for patients who responded to procainamide and longer for those who required electrical cardioversion.
DISCUSSION
To our knowledge, this report of the Ottawa Aggressive Protocol is the largest reported study of an aggressive ED strategy to treat recent-onset episodes of atrial fibrillation or flutter with cardioversion. This large series Stiell et al. demonstrates the effectiveness and safety of the Ottawa Aggressive Protocol. In our series, 58% of all cases responded to pharmacologic cardioversion and 92% of the remainder responded to electrical cardioversion. The overall effect was that 97% of patients were discharged home from the ED and 90% were discharged home with normal sinus rhythm. This approach proved to be efficient in that the median length of stay of all cases, from ED arrival to discharge, was less than 5 hours. Finally, our findings indicate that the Ottawa Aggressive Protocol is safe in that no patients died or had a stroke or other major adverse event.
Current management of recent-onset atrial fibrillation and flutter in EDs is variable and often very conservative with patients being admitted to hospital under the cardiology service or discharged home after rate control therapy only. 18, 23, 24 Current cardiology guidelines say very little about the recent-onset management of these arrhythmias with the most recent guidelines on atrial fibrillation from the American College of Cardiology (ACC), American Heart Association (AHA) and European Society of Cardiology (ESC) providing little mention of ED care. 5 Standard emergency medicine textbooks now discuss the option of cardioversion but suggest this is "often in consultation with a cardiologist." 25 Relatively few studies have addressed optimal management of recent-onset atrial fibrillation in the ED, leaving clinicians with a shortage of good evidence. In our institution, Michael and colleagues 3 previously described a small series of patients successfully treated with rhythm control. Other studies of rhythm control in the ED have been small or did not include electrical cardioversion as an option. 8, 30, 31 Burton and coauthors 10 reviewed 388 electrical conversion attempts at 4 sites where use of pharmacologic cardioversion appeared to be relatively uncommon and reported a 86% conversion rate. Decker and coworkers 18 described the ED observation unit management of 75 patients randomly assigned to a protocol that included electrical but not pharmacologic conversion and was able to discharge 88% of cases. These patients had a median length of stay of 10 hours after admission to the observation unit.
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Aggressive protocol for atrial fibrillation Our protocol, as previously described, uses procainamide as the agent of choice for pharmacologic cardioversion. This drug has been reported to be 60% and 28% effective for atrial fibrillation and flutter, respectively. 20 Our findings suggest that procainamide has an excellent safety profile, even for patients already taking oral antiarrhythmic agents. Several other drugs can be considered for the pharmacologic cardioversion of atrial fibrillation in the ED. 6, 8, 9, 32, 33 According to the ACC/AHA/ESC practice guidelines, the following are classes of recommendation for oral or intravenous agents for atrial fibrillation of less than 7 days duration: class I -proven efficacy (dofetilide, flecainide, ibutilide, propafenone); class IIa -proven efficacy (amiodarone); class IIb -less effective (disopyramide, procainamide, quinidine); and class III -should not be used (digoxin, sotalol). 5 The effectiveness of amiodarone for recent-onset atrial fibrillation is not clear in some meta-analyses suggesting it is no more effective than placebo or is associated with adverse reactions. [34] [35] [36] [37] [38] [39] Oral propafenone has been recommended for self-treatment by patients with recurrent episodes of atrial fibrillation. 40 Recent trials of vernakalant, an atrial selective, antiarrhythmic agent and currently approved for investigational use only, have demonstrated high efficacy for conversion of recent onset atrial fibrillation. 41, 42 Overall, the quality of evidence is relatively weak for rhythm control drugs in recent-onset atrial fibrillation and there remains a need for large comparative clinical trials conducted in the ED.
Stiell et al. Electrical cardioversion is highly effective but there is no consensus on the appropriateness of its use in the ED, the optimal energy settings or the best approach to procedural sedation and analgesia. Our current approach is to start with higher biphasic waveform energy levels such as 100-150 J and to change to anteriorposterior pad positions if the patient is resistant to initial shocks using an anterior pad appraoch. The evidence for these practices, however, is not strong. 43, 44 Emergency physicians at our centre are very comfortable in providing intravenous procedural sedation and analgesia for electrical cardioversion, usually with fentanyl and propofol. A physician, nurse and respiratory therapist are all present for electrical cardioversions. The procedure rarely takes longer than 10 minutes and patients are usually ready for discharge within an hour. Our data demonstrate the safety of electrical cardioversion performed in the ED. Some practitioners prefer to go straight to electrical cardioversion without using rhythm control medications, but we find that the extra hour spent attempting pharmacologic cardioversion is more often than not successful and adds very little delay to the patient's care.
Perhaps the most controversial and confusing aspect of ED rhythm control for recent-onset atrial fibrillation and flutter is ensuring that patients do not suffer a stroke. Authoritative guidelines for prevention of thromboembolism predominately address management of permanent atrial fibrillation and fail to provide clear direction for cases of recent-onset atrial fibrillation. 5 Given the lack of evidence to the contrary, our approach has been and remains to cardiovert without heparin or warfarin for most patients as long as there is a very clear history of arrhythmia onset within 48 hours or if there is therapeutic anticoagulation with warfarin. If the onset is unclear but we find an absence of clot by transesophageal echocardiography, we will perform cardioversion and prescribe warfarin. 19, 45 Although risk stratification schemes were designed to guide long-term anticoagulation for patients with permanent atrial fibrillation, evidence now supports prescribing warfarin for patients who underwent cardioversion in the ED if their CHADS 2 score is 1 or greater (Table 1) . 21, 22 Such patients need careful follow-up to minimize the risk of bleeding. 46, 47 The strength of this study is that it is the largest to evaluate the effectiveness and safety of an aggressive protocol for cardioversion and quick discharge of patients from the ED with recent-onset episodes of atrial fibrillation or flutter. Our results indicate that the treatment of such patients can be rapidly and safely managed with medications or electrical cardioversion. There are substantial advantages to this approach, such as avoiding unnecessary hospital admissions, lengthy ED stays or the need for patients to be in an unpleasant and debilitating rhythm for up to 4 weeks while awaiting elective outpatient cardioversion. After undergoing cardioversion in the ED, patients are able to immediately resume a normal lifestyle, including return to work or sports activities.
Several limitations must be mentioned. First, retrospective medical record reviews can have problems with missed cases, incomplete charting and review bias and, hence, methodological criteria have been recommended. 48, 49 We are confident that we have come very close to meeting these standards with the exception of quantifying interobserver agreement. We captured all possible eligible cases by querying the NACRS database and performing a detailed review by a well-trained study nurse. This was a consecutive and comprehensive cohort of individual patient visits. The reviewers had full access to physicians' notes, nursing progress notes and in-patient records.
Second, this was an observational study with no control group. Nevertheless, this study provides accurate estimates of conversion rates, discharge rates and safety, and these clearly compare very favourably to the standard conservative strategies of hospital admission or discharge with rate control only. For example, the 96.8% ED discharge rate is likely far higher than that seen in most US hospitals. Third, we have limited information about the 400 patients not treated aggressively during the same time period other than that they did not meet the criteria for aggressive cardioversion, in most cases because the onset was not clearly less than 48 hours. Fourth, this study was not conducted prospectively and it is conceivable that, although we believe it is unlikely, some adverse outcomes were missed. Our institution comprises the regional cardiac and neurologic referral centres, and we would expect patients with ongoing problems to be seen at one of 3 campuses affiliated with the Ottawa Hospital in this mid-sized city. A few other issues should be considered when interpreting our results. This is a single-site study and our findings may not necessarily be generalizable elsewhere, although we see no barriers to this approach being adopted by most EDs. We chose to study all visits rather than just individual patients because this gives us a much greater database from which to evaluate effectiveness and safety.
We believe that future clinical trials should compare various drug regimens to determine the optimal medication for cardioversion and should also compare the drugfirst to shock-first approaches to cardioversion. Studies are also required to better refine the risk of thromboembolism in recent-onset atrial fibrillation and to clarify the role, if any, of heparin and warfarin in this setting. The usefulness of the CHADS 2 score in the ED remains unknown and another potential field of future research.
In conclusion, this is the largest study to date to evaluate a unique aggressive protocol of cardioversion for ED patients with recent-onset episodes of atrial fibrillation and flutter. Our results indicate that the Ottawa Aggressive Protocol is effective, safe and rapid, and has the potential to significantly reduce hospital admissions and to expedite ED care.
